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INSIDE THE EARTH 
By J. A. JAacoss 


Introduction. It is a surprising fact that although we move about the face 
of the earth every day of our lives and although certain of its surface 
features are visible to us every day, yet our knowledge of the physics ot 
the earth’s interior is still pitifully small. It is probably true to say that 
many scientists and most people would feel more at home in discussing 
atoms and atomic structure, the planets, the stars and even the galaxies 
than they would in discussing the conditions that exist under their own 
feet. Both extremes of the whole range of physical structure from the 
tiny atoms to the galaxies of far flung space have been studied and much 
has been learned, although it would be foolish to pretend that our 
knowledge in any one of these branches of science is anything like com- 
plete. In view of its tangibility our knowledge of the earth lags far behind 
what might have been expected. Geophysics is a young science, how- 
ever, and considerable advances have been made during the last few 
years. 

_ ea 44 of the earth’s surface is water and of the remaining 

5 large parts, such as the Arctic regions and the central regions of 
he America are not very accessible to mankind, let alone suitable for 
making detailed observations. During the last 100 years, the science of 
geology has amassed a considerable amount of data on the surface 
features of the earth. This knowledge by itself, however, cannot con- 
tribute much to the problem of the internal constitution of the earth. It 
is not implied that geological work is of no value—indeed any geo- 
physical theory that completely ignores the geological aspect is valueless. 
The major obstacle in a study of the constitution of the earth’s interior 
is the difficulty of obtaining any experimental data. It is impossible in 
the majority of cases to obtain direct measurements of physical quantities 
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at depth within the earth. In this connection, however, mention should 
be made of the important work that has been carried out in high-pressure 
physics by Bridgman at Harvard. Even so the greatest pressure obtained 
by him, viz. 100,000 bars, corresponds to a depth of only 300 km. in the 
earth. Thus extreme extrapolation is needed to reproduce conditions deep 
within the earth—extrapolations which in many cases may not be 
justified. There are, however, two means of obtaining information about 
the earth’s interior. These are the study of seismic waves and an analysis 
of the earth’s magnetic field. Before discussing these, a few words on the 
question of terminology are necessary. The topmost layers of the earth 
are called the crust. The thickness of the crust is not constant, but varies 
between about 30 or 40 km. under the continents, whilst under the 
oceans it is probably not much more than 5 or 6 km. thick. That part of 
the earth between the crust and a depth of approximately 2,900 km. is 
called the mantle, and for the remaining part inside the mantle, the word 
core is use—the radius of the core is thus about 3470 km. These three 
main divisions of the earth into the crust, the mantle and the core are 
based mainly on seismic evidence. 


Analysis of Seismic Data. The earth is continually undergoing deforma- 
tion caused by the stresses that are set up within it. If the stresses are not 
too great, elastic or plastic deformations will occur. However, if the 
stresses continue to build up over a long time, the strength of the ma- 
terial may be exceeded and fracture will take place, causing an earth- 
quake. This involves a sudden release of energy and the disturbance will 
give rise to elastic waves which will travel throughout the earth. If the 
disturbance is large enough it may be picked up by anyone of the seismo- 
logical observatories that lie scattered across the world. Three main types 
of waves may be recorded—longitudinal or P waves, in which the dis- 
placement is in the direction of travel of the wave as is the case of sound 
waves, transverse or S waves, in which the displacement is perpendicular 
to the direction of travel as is the case in optics, and surface waves. Only 
P and S waves, whose velocities depend solely on the elastic properties 
and density of the medium, will be considered here. When a wave meets 
a surface of discontinuity such as the surface of the earth or the 
boundary between the core and the mantle, part of it will be reflected 
and part refracted, and laws of reflection and refraction, analogous to 
those of geometrical optics, will apply. The present case is more com- 
plicated however, since waves of both P and S type may be reflected 
and refracted. Thus an incident P wave can be reflected to give both a P 
wave and an S wave (called PP waves and PS waves)—likewise an in- 
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cident S wave can be reflected to give both a P and an S wave (called 
SP waves and SS waves). S waves have never been observed in the core, 
from which it was deduced that the core is liquid, since a liquid cannot 
transmit shear waves. Figure 1 illustrates the great number of possible 
reflections and refractions that may occur from any disturbance. From 
the records of the seismograph, a trained seismologist can recognize all 
these different phases. The times at which signals from the same seismic 
shock arrive at different stations can be recorded, and tables have been 
constructed since the beginning of the century giving the travel time of 
the disturbance as a function of the distance along a great circle arc 
connecting the focus with the point of observation. Tables constructed 
in more recent years by different investigators are in good agreement 
with one another. A comprehensive bibliography and analysis of this 
work has been given by Jeffreys (1945). From the travel time curves it 
is possible to obtain velocity-depth curves. Jeffreys has applied a thorough 
statistical analysis to the data and claims that his results have an in- 
trinsic accuracy of % per cent. Figure 2 gives the velocities of both 
longitudinal and transverse waves at different depths within the earth 
according to Jeffreys and Gutenberg. Apart from the major discontinuity 
at about 2,900 km., which marks the boundary between the core and the 
mantle, there is another uncertainty at a depth of about 5,000 km., Jef- 
freys postulating another strong discontinuity. That part of the earth 
below this discontinuity will be referred to as the inner core. 

The uppermost few tens of kilometres of the earth, below which high 


Fic. 1—Typical seismic waves (after Bullen). 
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Fic. 2—Seismic velocities as function of depth. Solid curve after Jeffreys; dotted 
curve after Gutenberg. 


seismic velocities are first encountered, is called the crust. The detailed 
structure of the crust is extremely complex, but it comprises an in- 
significant fraction of the earth’s total mass and for a discussion of the 
properties of the interior of the earth, it may be represented convention- 
ally by a thin layer of uniform thickness (33 km.) and density. Seismic 
data pertaining to the deeper parts of the earth are insensitive to changes 
in the characteristics of the crustal layers. An analysis of the velocity- 
depth curves indicates a number of subdivisions of the interior of the 
earth below the base of the crust which is known as the Mohorovicic 
discontinuity. These are shown in Table I which has been taken from 
the work of Bullen (1953) whose analysis is based on the velocity depth 
curves of Jeffreys. It is clear that the principal layers are B,C,D,E, which 
together make up over 97 per cent. of the whole earth. The existence of 
layer F has not yet definitely been settled, whilst the nature and exact 
position of the division between B and C is also in doubt. In fact a more 
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Inside the Earth 101 
TABLE I 
DIMENSIONS AND DESCRIPTIONS OF THE INTERNAL LAYERS 
Depth to Fraction : 
Layer Boundaries (km.) of Volume Features of Region 
0 
Crust A | 0.0155 Conditions fairly heterogeneous 
B 0.1667 Probably homogeneous 
413 
Mantle C 0.2131 Transition region 
984 | 
D 0.4428 Probably homogeneous 
—— 2898 ——. — 
E 0.1516 Homogeneous fluid 
4982 
Core F 0.0028 Transition layer 
9121 
G 0.0076 Inner Core (solid ?) 


complete knowledge of conditions in the transition region C would go a 
long way towards solving many of the geophysical problems of to-day. 
It has already been mentioned that shear waves through the core have 
never been observed, from which it was deduced early on that the core 
is liquid. There is also additional evidence for this conclusion—some of 
which comes from an analysis of the bodily tide of the earth and from 
the nature of the secular variation of the earth’s magnetic field. Although 
all evidence is overwhelmingly in favour of a liquid core, the nature of 
the inner core is still in doubt. There are, however, reasons for believing 
that it may be solid. 


Mechanical Properties and Constitution of the Earth. Since the mean 
density of the earth is about 5.5 gm./cm.*, the material deep within the 
earth must have a density considerably greater than that of typical 
surface rocks whose density is about 2.7 gm./cm.* From the velocity- 
depth curves, it is possible to obtain the density variation within the 
earth. The method does not yield a unique solution, but any determina- 
tion of the density distribution must satisfy two conditions. The inte- 
grated density must give the correct total mass of the earth and also the 
correct moment of inertia as determined by the precession of the 
equinoxes. It is found that these restrictions impose severe limits on the 
admissible density distributions. Figure 3 shows the density distribution 
after Bullen (1953). The greatest uncertainty is in the regions F and G, 
but since they only occupy about one per cent. of the earth’s total 
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Fic. 3—Density, pressure, and acceleration within the earth (after Bullen). 


volume, any uncertainties in the density variation in these regions does 
not seriously affect that in other regions. Bullen’s work is probably 
correct to within 1 per cent. down to a depth of 2,700 km. and to within 
3 per cent. below that depth. Once the density distribution has been 
determined, it is possible to determine the pressure distribution and the 
variation of g, the acceleration due to gravity. The pressure distribution 
is insensitive to small changes in the density distribution and may be 
determined quite accurately. The accuracy in the regions F and G is of 
the order of 3 per cent. and for all other regions probably less than 1 per 
cent. It is found that the value of g does not differ by more than 1 per 
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cent. from the value of 990 cm./sec.* until a depth of over 2,400 km. is 
reached. On the other hand, values of g deep within the earth are very 
sensitive to changes in density and values below 4,000 km. cannot be 
given with an accuracy greater than 5 per cent. 

It is also possible to obtain the variation of the elastic constants within 
the earth. Bullen (1949c, 1950) has pointed out that the smallness of the 
change in the incompressibility k across the boundary between the core 
and mantle is less than the uncertainty of the determination. He also 
found no significant difference in the value of dk/dp above and below 
the core boundary. On the other hand, the core boundary represents a 
very sharp division between materials of very different rigidity and 
density. This led him to formulate his compressibility-pressure hypo- 
thesis viz. that at the high pressures that prevail deep within the earth 
(below 1,000 km.) the compressibility of a substance is virtually in- 
dependant of its chemical composition. His hypothesis indicates an 
accumulation of denser materials near the base of the mantle, and that 
the inner core cannot be chemically homogeneous and may in fact be 
solid and thus capable of transmitting shear waves. 

The density distribution shown in figure 3 depends on two as- 
sumptions. Firstly that the density changes only as a result of com- 
pression with no change of intrinsic density as by the introduction of a 
new material, and secondly that the compression is adiabatic i.e. the 
rate of change of temperature with depth is taken to be just the change 
corresponding to adiabatic compression. When Bullen first made an 
estimate of the density variation within the earth, he found that the 
mantle could not be uniform in composition using the velocity-depth 
curves now accepted. Here uniformity is taken to mean that the variation 
of such quantities as p, k etc., are determined by compression alone as 
contrasted to variations resulting from chemical or phase changes. Birch 
(1952) has carried out a long and exhaustive study on the constitution of 
the earth’s interior and finds that the lower part of the mantle is sub- 
stantially uniform whilst the upper part is non-uniform. He suggests that 
the region between about 300 and 800 km. is a region of transition to a 
high pressure phase change, probably with a change of chemical com- 
position as well. The mantle is thus envisaged as consisting of three 
layers. The uppermost layer, approximately 300 or 400 km. thick con- 
sisting perhaps of eclogitic material, followed by a transitional layer 
down to a depth of about 900 km. Below 900 km. the mantle is homo- 
geneous in composition with elastic properties that are found only in 
certain oxides such as corundum or rutile. Verhoogen (1953) has raised 
a number of objections to this interpretation of the mantle. Although 
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some of his criticisms are justifiable, the work of Birch is a valuable 
contribution to our knowledge of the mantle. Opinions on the nature of 
material in the mantle are necessarily speculative. The range of choice 
is severely limited, however, since any material must be (1) petrol- 
ogically likely, ie. it must occur as an intrusive rock and not be ex- 
cessively rare, (2) composed of reasonably common elements, and (3) 
give the right seismic velocity at the appropriate temperature and pres- 
sure. These three requirements seem best met by peridotite, which also 
satisfies less certain geochemical criteria such as a low concentration of 
alkali metals and uranium. 

It is generally assumed that the core of the earth consists of iron or an 
iron nickel alloy. The main reasons in support of this viewpoint are 
(1) the mean density of the earth is considerably larger than would be 
expected from the material found on or near the surface. Thus the core 
must be composed of a heavy material and iron is the only abundant 
heavy element; (2) a ferromagnetic core may account for terrestrial 
magnetism, and (3) the existence of iron meteorites. Ramsey (1945, 
1949) has put forward the suggestion that the large increase of density 
at the boundary of the earth’s core is due to a pressure transition from 
the molecular to a metallic phase, rather than to the appearance of a new 
material such as an alloy of iron and nickel. He thus assumes that the 
earth is of uniform chemical composition (below the crustal lavers ) 
which he identifies as olivine. Originally Ramsey put forward his hypo- 
thesis to account for the densities of the terrestrial planets. On his 
hypothesis the pressure at the boundary of the core will be characteristic 
of the chemical composition of the material which he assumes is the 
same for all the terrestrial planets. Ramsey's hypothesis has caused 
considerable amount of controversy. The transition to a metallic phase 
has been examined in the case of solid hydrogen, and it is highly 
probable that it plays an important part in the physics of the great 
planets. However, Kuiper (1952) has shown that the dimensions and 
masses of the terrestrial planets as now known show that Ramsey's 
hypothesis is untenable. Elsasser (1951) has attacked Ramsey's views 
on the grounds that they conflict with the data on the earth interpreted in 
the light of theoretical physics. However, as is the case with the mantle, 
complete agreement has not been reached on the question of the con- 
stitution of the core. Bullen (1952) disagrees with some of Elsasser’s 
findings and suggests that the outer part of the core may consist ot a 
modification of ultra basic rock, although agreeing that the inner core 
is chemically distinct from the rest of the earth and of nickel-iron com- 
position. Urey (1952) has recently put forward a new theory for the 
development of the planets which rests in large part on arguments from 
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physical chemistry. He concludes on several grounds that the earth’s core 
has an iron composition. The importance of the chemical approach 
should not be overlooked. In studying such a complex problem as the 
interior of the earth, it is foolish to develop physical theories and ignore 
their chemical consequences. Indeed in the far wider field of the origin 
of the earth and the solar system and of general cosmological problems, 
the chemical approach may well be the most rewarding in the future. 


Thermal Properties of the Earth. Of all the problems connected with the 
constitution of the earth’s interior, its thermal properties are the least 
known, and a more complete understanding of them would go a long 
way towards solving many of the outstanding problems in geophysics. 
In any investigation of the thermal properties of the earth, sooner or 
later the question of the initial temperature of the earth and the mode 
in which it has cooled or heated since then, is bound to arise. This in its 
turn leads to the question of the origin of the earth and to other deeper 
and more far reaching astrophysical problems. Since such questions are 
bound by their very nature to be extremely controversial, they will be 
avoided as far as possible. Most theories of the origin of the earth agree 
that it passed through a molten stage before finally separating into 
different layers. Even an earth formed from the cold accretion of dust 
particles would probably melt by the accumulation of heat owing to 
compression and the radioactive elements present. Thus the cooling of 
the earth from a molten state will be considered. 

So long as the earth remained fluid, the process was comparatively 
straightforward. The heavy material of the core settled to the centre and 
stayed there. In general liquids, as they cool, contract and become 
denser. Thus the matter at the surface of the earth cooled by radiation 
into space and then sank through the molten liquid below. This would 
set up irregular convection currents and ensure a continued supply of 
heat to the surface. It has already been shown that all evidence indicates 
that at least part of the earth’s core is liquid, whilst the mantle is solid. 
It has also been pointed out that certain evidence would seem to in- 
dicate that the inner core is solid, although no definite proof of this has 
ever been given. If this is true we are faced with the problem of giving a 
physical explanation of how the earth could have cooled leaving a solid 
mantle and inner core, and yet leave the outer part of the core liquid. 
Jacobs (1953, 1954a) has been able to explain this point, and his argu- 
ment is given below. It typifies the kind of inductive reasoning that 
characterizes much of the existing knowledge of the physics of the 
earth’s interior. 

Assuming the core to consist mainly of iron and the mantle of silicates, 
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Fic. 4—Melting point curve and adiabatic temperature curves at depth within the 
earth. (Mantle: solid; core: liquid; inner core: solid.) 


there must be a discontinuity-in the melting-point depth curve at the 
core-mantle boundary, although the actual temperature must be con- 
tinuous across the boundary. The melting-point depth curve will thus be 
of the general shape shown in figure. 4. As the earth cooled from its 
molten state, the temperature gradient would be essentially adiabatic, 
there being strong convection currents and rapid cooling at the surface. 
Solidification would commence at that depth at which the curve 
representing the adiabatic temperature first intersected the curve 
representing the melting-point temperature. It is suggested therefore that 
solidification began at the centre of the earth. A solid inner core would 
continue to grow until a curve representing the adiabatic temperature 
intersected the melting-point curve twice, once at A, the boundary 
between the core and mantle, and again at B as shown in figure 4. As the 
earth cooled still further, the mantle would begin to solidify from the 
bottom upwards. The liquid layer between A and B would thus be 
trapped. The mantle would cool at a relatively rapid rate, leaving this 
liquid layer essentially at its original temperature, insulated above by a 
rapidly thickening shell of silicates and below by the already solid (iron) 
inner core. In the above argument no specific values of the temperatures 
are postulated and the behaviour of both the adiabatic and melting- 
point curves need not be known exactly. It should be added that if the 
melting-point at the centre of the earth is less than that at the core- 
mantle boundary, then similar reasoning would indicate an all liquid 
core. 

One of the most remarkable facts about the earth’s heat is the extreme 
slowness with which it travels through the soil and rocks by conduction. 
A foot or two below the surface of the ground, the daily variations of 
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temperature in the air are hardly felt—-seldom producing a change of 
more than 1°C. in the ground at that depth, and the effect arrives there 
from half a day toa day late. A few feet further down, only the longer 

term seasonal ‘changes in the temperature can be detected and these 
arrive months late. At 50 feet below the surface the effect of the 
seasonal change is about a year late. As for the lingering of temperatures, 

the effect of the cold of the last Ice Age, some 20,000 years ago, is still 
appreciable at a depth of a few thousand feet. In fact the cont con- 
duction of heat is so slow that any heat generated by radioactivity below 
a depth of a few hundred kilometres would not have reached the sur- 
face by conduction alone. The temperature at the surface of the earth is 
determined, not by the amount of heat arriving from the interior, but by 
equilibrium between heat received from the sun and that radiated back 
into space. 

It was the discovery of natural radioactivity at the turn of the century 
that completely upset all previous estimates of temperatures inside the 
earth and raised the rather startling question—Is the earth heating up 
rather than cooling? This is a question we can only just begin to answer. 
A detailed study of the thermal history of the earth has, and still is, being 
carried out at the University of Toronto. The mathematical difficulties 
of the problem are very great and little headway could have been made 
without the use of Ferut, the University of Toronto’s electronic com- 
puter (MacDonald, 1954). It is impossible to go into the details of the 
calculations in this paper, but some of the results that have been ob- 
tained, will be discussed. It is not difficult to show that the problem can 
be broken up into two parts. First we can find the solution for a non- 
radioactive earth cooling from some given initial temperature distribution 
and add to that the solution for a radioactive earth heating up from 
zero temperature. The solution to the first problem is well known and 
was first given by Fourier. The numerical results will depend, of course, 
upon the values adopted for the initial temperature distribution which in 
the first example was taken to be everywhere the melting point of the 
substance concerned. Some of the results are shown graphically in figure 
5 which serves to demonstrate how slowly temperatures change at great 
depths. At these depths thermal condition are not greatly different from 
their initial values. Near the surface on the other hand, cooling is con- 
siderable and the surface heat flow for 4 billion years, the approximate 
age of the earth, is but little affected by the values taken for the initial 
temperature distribution in the first few tens of kilometres. 

The problem of a radioactive earth is extremely complex, but a solution 
has been obtained which will readily admit of any desired concentration 
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Fic. 5—Temperature-time distribution at various depths for a non-radioactive earth 


or distribution of radioactivity, the two greatest unknown factors. Figure 
6 shows the results for a particular earth model, one which best fits our 
knowledge of the constitution of the earth’s interior. This figure shows 
only the heating up of the earth from zero temperature owing to radio- 
activity. To get the complete picture, the results of figure 5 ie. the 
cooling of the earth from its initial temperature must be added. This is 
shown in figure 7 which gives the total temperature owing to both cool- 
ing and radioactive heating. In spite of the extremely low concentrations 
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Fic. 6—Temperature-time distribution at various depths caused by radioactivity. 
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Fic. 7—Temperature-time distribution at various depths within the earth. 


of radioactivity in the deep mantle and core, there is still a heating up 
there of two or three hundred degrees. Near surface conditions appear 
to have been greatly different in the far past from those existing at 
present—in fact there may even have been remelting of the materials at 
depths of 50-100 km. during the first billion years or so. However this 
brief temperature rise at the very beginning soon ceased and cooling 
commenced. The rate of cooling was greater in the past than it is now 
and this suggests that orogenic activity may have decreased with time 
and perhaps have been caused by different processes in the far past. It 
should be noted that nearly all the radioactivity in the earth must be con- 
centrated in the crustal layers, for if the material deeper down contained 
anything like as much radioactivity as is measured in the surface rocks, 
the whole mantle would be molten from a depth of about 100 km. down- 
wards. 


Geomagnetism and the Earth's Interior. William Gilbert, who was Queen 
Elizabeth’s Physician, was the first man to obtain a true conception of 
the general character of the earth’s magnetic field. It was nearly two and 
a half centuries later that Gauss applied the theory of the magnetic 
potential, developed by Laplace and Poisson, to the case of the earth’s 
magnetic field. He found, as Gilbert had realized, that the field of a 
uniformly magnetized sphere is an excellent first approximation to the 
earth’s field. In fact the most recent analysis indicates that the part of 
the earth’s surface magnetic field that can be attributed to external 
causes is less than one per cent.—in other words more than 99 per cent. 
of the surface magnetic field originates within the earth. The next 
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question is “what is the cause of the earth’s magnetic field?”—a question 
which we cannot answer with certainty as yet. 

A magnetic field may be produced in a number of ways—by per- 
manent magnetization, by the motion of charges, by rotation, or by 
electric currents. Let us consider the earth’s magnetic field in the light 
of these four possible causes. A temperature of the order of the Curie 
point for iron, 750°C., is reached at a depth of about 25 km. so that at 
greater depths within the earth all ferromagnetic substances will have 
lost their magnetic properties, unless the Curie point is higher under the 
higher pressures. Experiments (at relatively low pressures) do not in- 
dicate any significant change of the Curie point with pressure. Thus 
in order to account for the earth’s magnetic moment, a degree of mag- 
netization in the earth’s crust of from 2 to 8 gauss would be required— 
which is impossible from experimental ouidionst. Finally an explanation 
of the earth’s magnetic field based on permanent magnetization fails to 
account for the magnetic poles being near the geographical poles and 
for the secular variation. The second possible cause is easily seen to be 
inadequate. If the earth contained a distribution of negative charge in 
its outer parts and an equal positive charge deep in its interior, a mag- 
netic field would be produced by the motion of the charges as the earth 
rotates about its axis. But to explain the observed magnetic field the 
charges must be so great that they would set up a vertical electrical 
potential gradient 10° times as large as that found by atmospheric ob- 
servations which is of the order of 1 volt/cm. 

As a result of Babcock’s (1947, 1948) discovery of large magnetic 
fields in rotating stars, Blackett (1947, 1949) has proposed a general 
law for the magnetic fields of massive rotating bodies. His theory sug- 
gests that the cause of the field is distributed through the w hole bulk 
of the earth so that on descending a mine, part of the cause will be 
above. This can be shown to lead to a decrease of the horizontal field 
with depth, but experimental values by Runcorn (1950) in coal mines 
in England were significantly different from those predicted by such a 
theory as Blackett’s. 

There remains electric currents as a possible cause for the earth’s 
magnetic field. These could arise in a number of ways. The earth might 
act as an electro-magnet, the field being due to internal currents which 
must have a magnitude of 1000 million amperes. Since the currents 
must decay owing to electrical resistance, the original system must have 
been more intense. Calculations show that prohibitively large currents 
would have been needed in the past. A more promising suggestion, due 
to Elsasser (1939), is that the earth’s magnetic field is due to thermo- 
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electric currents produced by the migration of electrons in the metallic 
interior of the earth. These currents owe their existence to inhomogen- 
eities continually created by turbulent convective motions. The most 
promising explanation of the earth’s magnetic field, however, is due 
originally to an idea of Sir Joseph Larmor (1919) when, at the meeting 
of the British Association for the Advancement of Science, he suggested 
that the magnetic field of the sun might be maintained in a way 
analagous to ~ that of a self-exciting dynamo. Both Elsasser (1946a, b, 
1947) and Sir Edward Bullard (1948, 1949a,b, 1950a,b, 1954) have 
followed up this suggestion. Two possible causes of motions in the 
earth’s liquid core have been put forward. The first is ascribed to the 
variation of the earth’s angular velocity as observed astronomically and 
attributed to tidal friction. “The second is based on a sufficient tempera- 
ture gradient in the core to produce thermal convection. These two 
mechanisms have been studied in detail by Bullard, who found that only 
thermal convection can produce the required motion, the first effect 
being extremely small. The conditions necessary for radioactive heating 
in the core to produce convection have been considered by Bullard and 
lead to certain difficulties, some of which have been reduced by Jacobs 
(1954b). The dynamo theory of the earth’s magnetic field suggests that 
the field is ultimately produced and maintained by a mechanism of in- 
duction, the magnetic energy being drawn from the kinetic energy of 
the fluid meuities in the core. This. could be achieved if a “feed-back” 
mechanism could be devised whereby a part of the magnetic energy of 
the toroidal field is returned to the original dipole field in such a way 
that it reinforces the latter. A solution of the complete problem would be 
extremely difficult, if not impossible involving as it does both hydro- 
dynamic and electromagnetic considerations. The question that has to be 
answered is “does dine: exist motions of a simply connected, symmetrical 
fluid body which will cause it to act as a self-exciting dynamo and to 
produce a magnetic field in the absence of any sustaining field from an 
external source?” The answer to the question is yes. Conshdesshle amount 
of work has been done on the problem using the electronic computer 
Ferut at the University of Toronto, and ACE at the National Physical 
Laboratory, England (Bullard, 1954). It is well, however, to realize 
what this answer means. It does not mean that the cause of the earth’s 
magnetic field has been found, but merely that one physical hypothesis 
has been examined which appears to answer all the observed facts. No 
other hypothesis at present will do this, but it may well have to be 
modified or discarded in view of future investigations. 


Constitution of the other Planets. Any conclusions concerning the internal 
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constitution of the other planets must be less definite, since there is 
nothing analagous to seismic data, which contributed so much to our 
knowledge of the earth. One can only make progress if we assume a com- 
mon birth for all members of the solar system and that they were 
originally all of the same composition. Ramsay’s hypothesis that the 
density jump at the boundary of the earth’s core is due to a pressure 
transition from the molecular to a metallic phase, rather than to the 
appearance of a new material, implies that the pressure at the boundary 
of the core is characteristic of the chemical composition of the material, 
and so may be assumed to be the same for all the terrestrial planets. The 
mean densities of the terrestrial planets calculated on the basis of this 
assumption are in good, but not perfect agreement with empirical values, 
the chief discrepancy being found in the case of Mars. Bullen (1949a,b) 
has carried out calculations of the density and pressure distributions in 
both Venus and Mars, using his compressibility-pressure hypothesis. He 
obtains the best agreement if Mars has an inner core in the same pro- 
portion by mass as in the earth. Ramsey (1951, 1952) has also in- 
vestigated the internal constitution of the major planets on the basis 
of the atomic theory of solids. From the empirical mean densities, he 
finds that the most massive planets, Jupiter and Saturn, are predom- 
inantly hydrogen. The hydrogen content of Jupiter is about 80 per cent. 
by mass and that of Saturn about 60 per cent. by mass. He has worked 
out the probable internal density distribution in these two planets, both 
on the assumption of chemical homogeneity and on the assumption that 
the heavier elements are in part concentrated in a central core. These 
two different assumptions do not appreciably affect the estimated hydro- 
gen contents. Uranus and Neptune are about ten times as dense as 
hydrogen planets of the same mass and are presumably composed mainly 
of water, methane and ammonia. But our ideas of the origin of the solar 
system and the constitution of the planets are in a state of flux, and many 
significant advances have been made in the last few years. It is interest- 
ing to read in the light of modern ideas the excellent summary of exist- 
ing knowledge of the constitution of the planets that was written in 1947 
by Wildt. 

The brief statements made above would not be universally accepted— 
thus for example Urey (1952) believes that Mars is of uniform chemical 
composition and has no core. The whole subject of the constitution of 
the planets shares the speculative nature that is present in the problem 
of the origin of the solar system. It is a problem that has engaged and 
is engaging some of the ablest scientific workers of all times—a problem 
both fascinating and challenging—yet a problem in which we wll never 
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have the last word. However well our theories and hypotheses fit the 
physical facts as we see them now, we can never be certain that future 
observations and facts will not prove them wrong. But such is the very 
essence of physical research—it is the unexplained facts, our failures, 
that drive us ever onward seeking the truth. 
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A SUMMARY OF VARIABLE STARS IN GLOBULAR 
STAR CLUSTERS 


By Heten B. SAWYER 


A second edition of the catalogue of variable stars in globular clusters, 
first published in 1939, is now in press. This full catalogue will appear 
as Publications of the David Dunlap Observatory, vol. I, no. 2. Since 
that is a specialized and technical publication for a limited mailing list, 
we summarize here the overall picture of variables in clusters as pre- 
sented by the data of the new catalogue. 

The catalogue lists 1421 variables in the 72 globular clusters for which 
there is a record of search. The complete list of globular clusters con- 
tains 34 for which no search records are available. In addition to the 
1421 published variables, there are 41 listed as unpublished, and 48 as 
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suspected of varying. Only four of the clusters searched are listed as 
having no variables. These are NGC 5286, 5694, 6528 and 6584. 

In the past fifteen years 329 new variables have been found in 46 
different clusters. The era of finding globular clusters which contain 
large numbers of variable stars would seem to be nearly over. Figure 1 
shows the frequency distribution of the published variables in 68 
globular clusters, giving as ordinate the number of clusters which con- 
tain the number of variables indicated by the abscissa. It is somewhat 
surprising to note that the number of variables which a globular cluster 
most frequently contains is one! It is not possible to say how much 
future research will increase these totals for clusters already hunted, but 
probably the greater proportion of variables in most of these clusters 
have already been listed. 

Of the 72 clusters now searched, only 7 contain more than 50 variables 
each. Three quarters of the clusters contain less than 20 variables, and 
half contain 10 or less. The richest cluster still remains NGC 5272, 
Messier 3, with 187 variables and 2 suspected. A close second is Omega 
Centauri, NGC 5139, with 164. No other cluster has as many as 100 
variables though Messier 5, NGC 5904, and Messier 15, NGC 7078, are 
close with 97 and 93 respectively. 

Of the known variables, periods have now been determined for 843 
in 38 clusters. This nearly doubles the number of clusters (20) in which 
any periods were known in 1939. We are therefore beginning to get a 
much broader picture of the variable content of globular clusters. Of 
the above periods, 274 are new, in 30 clusters. 
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There are 781 definite RR Lyrae periods known in 28 clusters. Besides 
this, there are at least 335 more variables which are probably RR Lyrae 
stars. For 185 variables, insufficient published data prevent any decision 
as to type. Figure 2 shows the frequency of periods to intervals of 0.01 
day for the 781 RR Lyrae periods. There is of course a marked difference 
in the frequency from one cluster to another—a fact to which attention 
has frequently been drawn. When all these periods are grouped to- 
gether the most significant feature seems to be the great scarcity of 
periods around 0.45 day. It seems hard to explain this gap by an ob- 
servational selection effect. Does it suggest that the stars with shorter 
periods may be a different type of variable from those with longer? 

About 10 per cent. of the known variables in globular clusters are 
definitely not RR Lyrae stars. The catalogue contains a separate table 
listing for 36 clusters 122 stars which are considered not RR Lyrae type. 
Many of these are field stars, not associated with the cluster. In most 
cases further research will be necessary (especially of a spectroscopic 
sort) to determine whether these variables are cluster members. Most of 
the usual types of variables occur. The table of non-RR Lyrae variables 
includes 2 novae, 15 Cepheids with periods under 10 days, 13 Cepheids 
or W Virginis stars with periods 10-26 days, 3 eclipsing stars and 3 W 
Ursae Majoris type, 2 SS Cygni, 4 RV Tauri stars, as well as 39 irregular 
and semi-regular variables. Two types not yet noted in globular clusters 
are flare stars and R Coronae Borealis variables. It should be emphasized, 
however, that these figures do not mean that globular clusters actually 
contain such a wide variety of variables, because the variables of some 
of the above groups, such as novae and SS Cygni, all may be field stars. 
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METEOR NEWS 


By Peter M. Mit_-Man, National Research Council, Ottawa 


METEOR OBSERVATIONS AT REGINA AND FREDERICTON 


The active group of meteor observers belonging to the Regina Astro- 
nomical Society made observations of the Perseid meteors in 1954. The 
programme was planned for the three nights Aug. 11/12, 12/13 and 
13/14, and visual counts and magnitude estimates were made between 
10:00 p.m. and midnight. Cirrus cloud covering between one and four 
tenths of the sky was present most of the time and on the middle night 
the sky clouded over completely after fifty minutes of observation. Mr. 
W. P. C. Kinsman directed the observations on the first night and Mr. 
John Hodges on the last two. A complete list of those taking part is 
given below: 


W. Armstrong, Mrs. J. Dunn, E. Frisk, B. Haysom, J. C. Hodges, John Hodges, 
A. Irwin, W. P. C. Kinsman, J. Kowalchuk, T. MacFarlane, E. Majden, J. Mc- 
Niel, K. Moore, T. Nilson, D. Rhodes, W. Schmitt, G. Smith, J. Thauberger, 
G. Thompson. 


The numbers of meteors observed are listed in Table I. As in previous 
notes the Standard Hourly Rate is for six observers. The magnitude dis- 
tribution is given in Table II. 

Orionid observations were carried out at the University of New 
Brunswick in Fredericton on the night of Oct. 23/24, 1954. The weather 
was clear with some northern lights. Prof. J. E. Kennedy was in charge 
of this programme and the complete list of observers is given below: 


J. W. Baker, Miss J. Elson, J. Haggas, J. E. Kennedy, Miss D. Macdonald, Miss 
M. R. Roach, Miss P. Saunders. 


A summary of the results of these observations will be found in the 
Tables. It should be noted that the moon was very near the full for the 
Perseid shower while it was absent from the sky for the Orionid ob- 
servations. This explains why the total hourly rate in October was as 
good as on the best Perseid night. 

It is a pleasure to acknowledge the assistance of Miss Joan Stewart 
in preparing these results for publication. 
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rABLE I 


NUMBERS OF METEORS VISUALLY OBSERVED 


Standard 
Meteors Observed Hourly Rate 
Date Period of -—— —— —— Number of 
1954 Observation Shower Non-Shower Observers | Shower Non-Shower 
\ug. 11/12 | 2200-2400 MST 52 10 6 25 5 | 
12/13 2200-2300 S 10 Ss 
13/14 | 2200-2400 17 1 9 7 ; | 
Oct. 25 ‘24 | 2250-0150 AST $2 33 6 Is 12 
TABLE II 
MAGNITUDE DISTRIBUTION 
Mean 
—-2 -1 0O | 2 3 5 Total Mag. 
Regina 3 2 6 12 25 34 11 7 100 2.35 
(Aug. 11-14) 
Fredericton 
(Oct. 23-24) Z @ 4 4 & $ 2 & 12 1 75 2.97 


(R.A.S.C. Jour. Vol. 49, No. 3). 
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VARIABLE STAR NOTES 
American Association of Variable Star Observers 


By MARGARET W. MAYALL, Recorder 


213843 SS Cygni. During the vear 1954, SS Cygni was very well observed, and as 
usual, no maximum was missed, although one (No. 404) was not observed until the 
variable was at or near maximum. A total of 965 observations was contributed by 51 
members of the A.A.V.S.O. In addition, 233 observations by nine members of the 
Scandinavian Astronomical Society were made available to us by Mr. Axel V. Niel- 
sen. As usual, the observations of the S.A.S. and the A.A.V.S.O. complement each 
other, particularly during the time when SS Cygni is near the sun. At maximum No. 
404, two points were contributed by the A.A.V.S.O. and one by the S.A.S.; at 
maximum No. 405, two points were from the S.A.S. and one from the A.A.V.S.O.; 
while maximum No. 406 was missed by the S.A.S. observers. Scandinavia must have 
had a long stretch of bad weather! 

The light curve of SS Cygni is given in figure 1, plotted from daily means of all 
cbservations made during 1954 by the members of the two societies. The individual 
points are means of from one to 16 observations each. The maxima are numbered 
consecutively from the first maximum after discovery in 1896. The curve is a con- 
tinuation, with some overlap, of the one for 1953, published in these Notes for 
March-April 1954. (This Journat, vol. 48, no. 2, p- 71.) 
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Fic. 1—Mean light curve of SS Cygni, 1954, 
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Seven maxima were observed during the year: Nos. 403 to 409 inclusive. Table I 
lists the observed maxima and minima in the same form used in the past. Successive 
columns are: (1) number of the maximum; (2) type according to Leon Campbell's 
classification; (3) Julian day for magnitude 10.0 on the increasing branch of the 
curve; (4) number of days elapsed since the same point at the preceding maximum; 
(5) date of maximum; (6) number days since preceding maximum; (7) Julian day 
for magnitude 10.0 on the decreasing branch of the curve; (8) number of days since 
same point at preceding maximum; and (9) the mean magnitude at maximum. 

The mean interval between maxima of SS Cygni has been decreasing during the 
last few years, and reached a low of 45.9 days during the year 1954. The mean for 
ali 409 maxima since the discovery of the variable is 51.9 days. 


TABLE I 
OBSERVED MAXIMA OF SS CyGN1i IN 1954 


No. 10.0 I . Max. 10.0 D Max. 
Max. | Type J.D. Diff. J.D. Diff. 5B. Diff. Mag 
103 A5 2434766 30 2454768 31 2434777 34 8.3 
A10 ? ? 4818? 50 4828 51 8.4 ? 
405 A4 4863 — 4865 17 4872 At 8.2 
406 AQ 4915 52 4918 53 4929 57 8.2 
407 C3 4962 47 4967 49 4971 42 8.5 
408 B3 5000 3s 5005 38 5014 43 8.3 
409 A4 5057 57 5058 53 5065 51 8.5 
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Notes on Other U Geminorum-type Variables 


020356 UV Persei. No maximum was observed during 1954. According to 
A.A.V.S.O. observations, the star has been 15th magnitude or fainter since the 1212 
magnitude maximum observed by Darsenius and Fernald in 1952 (J.D. 2434365). 

060547 SS Aurigae. Seven maxima were observed during the year. Table II lists 
the Julian dates of maxima, the observed mean magnitude, and the width of the 
curve at the 13th magnitude. 


TABLE II 
OBSERVED MAXIMA OF SS AURIGAE IN 1954 


Max. Max. Width 
os Diff. Mag. (13th mag.) 
2434766 76 11.0 6 days 
4813 47 10.8 
4853 40 10.9 
4888 35 11.5 
4957 69 10.8 ? 
5014 57 10.8 5 
5092 78 11.0 qe * 
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061115 CZ Orionis. Six maxima were observed, as follows: 4766, 11.6, observa- 
tions by Carpenter, Cragg, Darsenius, Fernald, and Peltier; 4798, 11.9, single ob- 
servation by Carpenter; 4831, 11.9, Darsenius and Peltier; 4992, 11.9, Fernald and 
Feltier; 5082, 12.4?, single observation by Peltier; 5097, 12.5?, one observation by 
Carpenter, two by Peltier. Carpenter and Cragg observe CZ Orionis at minimum 
between 15th and 16th magnitudes. 

074922 U Geminorum. In March a maximum was observed by many members, on 
J.D. 2434807, mean magnitude 9.2. A single observation by Peltier of 9.8 on 5082 
indicates a maximum near that date. 

080362 SU Ursae Majoris. Maxima were observed as follows: 4715, 12.2; 4765, 
12.0; 4782, 12.2; 4816, 12.2; 4829, 11.6; 4842, 12.2; 4853, 12.5; 4864, 12.1; 
4885, 12.6; 4916, 11.6; 4985, 12.1; 5010, 12.0; 5039, 12.0; 5049, 12.2; 5100, 11.6. 
The maximum at 4919 was a very broad one, and the variable was brighter than 12.5 
from 4914 to 4926. At the maximum of 5100, it was at 11.6 on 5096, 5101, and 5102. 
Daily observations with large instruments are needed of SU Ursae Majoris in order 
to determine the shape of the light curve. 

082953 SW Ursae Majoris. No maximum was observed during the year. 

092421 TU Leonis. This star, which is supposed to vary from about 12 to 15, has 
been watched by Darsenius, but he has not observed a maximum. 

094512 X Leonis. The following maxima were observed: 4750, 12.4; 4766, 12.4; 
4781, 12.4; 4797, 11.8; 4828, 12.3; 4840, 12.4; 4856, 12.0; 4893, 12.4; 5053, 12.2. 

184137 AY Lyrae. The following maxima were observed: 4713, 13.2; 4779, 13.5; 
4804, 12.0; 4884, 13.5; 4943, 13.4; 4951, 12.6; 4986, 13.4; 5003, 13.0; 5034, 13.2; 
5088, 13.3. At the maximum of 5003, the variable was brighter than 14th magnitude 
for about 10 days. Daily observations with large instruments are needed for this star. 

195032 EY Cygni. No maximum observed during the year. All observations were 
fainter than 12.5. 

195109 UU Aquilae. Two maxima were observed: 4900, 11.6; and 4989, 11.3. The 
star is about 15.5 at minimum. 

220912 RU Pegasi. Three maxima were observed: 4736, 9.7; 4982, 10.4; 5075, 
10.6. 


The Solar Division of the A.A.V.S.O. A new Chairman of the Solar Division has 
been appointed: Mr. Harry L. Bondy, 43-58 Smart Street, Flushing 55, New York. 
Mr. Bondy is well known as the editor of the A.A.V.S.O. Solar Division Bulletin, 
which he has published since the beginning of 1954. He is planning new programmes 
for the solar observers, especially some that will be of interest to the more advanced 


observers. Anyone interested in the A.A.V.S.O. solar work should communicate with 
Mr. Bondy. 
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Observer 


\bbey, L. B., Jr. 
Adams, R. M. 
Albrecht, W. B. 
\ncarani, M. 
Anderson, C. E. 
Aronowitz, C. 
Ball, A. R. 
Barber, W. F., Jr. 
Béhar, A. 
Beidler, H. B. 
Boutell, H. G. 
Breckinridge, J. 
Buckstalf, R. N. 
Carlisle, J. H. 
Carpenter, C. B. 
Clendenning, L. 
Cragg, T. A. 
Crouse, L. 

Culp, C. 

Dafter, R. 
Darsenius, G. O. 
Diedrich, DeL. 
Diedrich, G. 
Erpenstein, O. M. 
Eliasoff, A. L. 


Estremadoyro, V.A. 


Fellenz, R. 
Fernald, C. F. 
Ford, C. B. 
Gaustad, J. E. 
Goldenblatt, P. P. 
Haberstroh, R. A. 
Halbach, E. A. 
Hartmann, F. 
Hein, C. 

Hein, G. 

Hiett, L. 
Houston, M. S. 
Houston, W. S. 


Variable Star Notes 


January February 


No. No. 


Var. Ests. Var. Ests. 


61 135 
10 19 
ly 20 
101 187 
233 400 
52 
20 26 
6 7 
3 
5 9 

1 3 
47 48 
2 2 
93 93 
1 1 

} 7 

34 
16 28 
2 2 
8 
5 5 

3 3 

3 8 
116 140 
37 338 
12 14 
‘ ‘ 
167 170 
8 26 
208 542 
10 16 
10 17 
24 46 


*also 74 minutes UV Ceti. 


Ne 


12 
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No. 


13 
144 


Observations received during January and February, 1955, 


Observer 


James, R. 
IXastin, H. 

Kelly, F. J. 
Kimball, M. 
Knowles, J. H. 
de Kock, R. P. 
Konig, W. 
Lacchini, G. B. 
Lofberg, .\. 
Maran, S. P. 
McPherson, C. A. 
Miller, W. A. 
Montague, .\. C. 
Morgan, F. 
*\Mount, A. W. 
Neff, J. 
Ohta, A. 
Oravec, E. G. 
tOverbeek, M. D. 
Owen, T. 

Pearcy, R. E. 
Peltier, L. C. 
Perry, L. 
Peters, J. G. 
Renner, C. J. 
Rizzo, P. V. 
Rosebrugh, D. W. 
Royer, R. 
Schultz, G. W. 
Sémos, E. B. 
Skaritka, P. 
Solomon, L. 
Stupp, -\. 
Taboada, D. 
Thomas, M. A. 
tVenter, S. C. 
Weitzenhoffer, K. 


Womelsdorff, R. W. 


Wyckoff, J. 


falso 30" UV Ceti. 


During January 
observations were received, and in February 4,726, making a total of 9,877 from 78 
observers as follows: 


5,151 


January February 
No. No. No. No. 
Var. Ests. Var. Ests. 


Il 14 
3 DA 31 
126 517 116 409 
2 2 
23 
41 43) 27 38 
24 24 8 
12 12 
21 25| 2 2 
2 10 3 14 
IS 44 lt 3 
6 
‘ 3 
160 472 171 636 
86 350 
12 18 
1 
20 21 68 
7 8 t 5 
103 103 
28 45 25 3 
19 121 16 130 
20 37) 16 22 
18 44, 22 52 
4 9 
216 408 169 369 
19 33); 58 127 
133 286, 93 133 
3 6 3 6 
83 221 
10 10; 12 #18 
1 5 2 10 


talso UV Ceti. 


14 22| 6 6 
90 170 
117 194 
b 
4 9 
16° 16 
6 9 
10 10 
4 
40 40 
113. 119 
1 
40 125 
9 11 
12 13 
11 14 
101 158 
183 193 
11 11 
41 123 
4 
55 57 
151 155 
5 15 
204 609 
— 31 36 29 36 
| 
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Nova Search Programme: During the months of January and February 1955, 
reports were received from seven observers. Listed for each observer is the month the 
observations were received, the areas observed (in italics), the number of nights 
the region was checked, and finally, the limiting magnitude. 


DarsEntus, GuNNar, Feb.—Dome: 1, 2; 16, 17: 1, 5; 4, 6. 

Diepricu, DELoRNE, Jan.—94: 2, 6; Feb.—94: 2, 6; 1, 5. 

Diepricu, Georce, Jan.—Dome: 1, 2; 56: 1, 5; 1, 6; 78: 2, 5; 2, 6; Feb.—Dome: 
3, 2; 56: 5, 6. 


RAGLAND, BEAUFORT, Jan.—56: 1, 5; 1, 54; 1, 6; 3, 64; 3, 7; 71: 1, 5; 2, 6; Feb.— 


56: 1, 5%; 1, 7; 8, 7.2; 71: 2. 6; 4, 7.2. 
Rick, Louis, Jan.—Dome: 2, 2; 18: 2, 5; 63, 65: 1, 5; Feb.—_Dome: 3, 2; 18: 2, 5; 


65: 3, 5. 

Rosesrucu, Davin, Jan.—Dome: 1, 2; 7, 3; 1: 4, 4; 34: 6, 4; Feb.—Dome: 10, 
52: 9, 4. 

SULLIVAN, WILLIAM, Jan.—S-12, 18-22, 25, 26: 10, 642; 33, 34, 50: 9, 6'2; 32, 
35-38, 40-43, 52: 8, 642; 53-58, 90: 6, 64%; 91, 101, 102: 5, G2; 79: 4. 6; 
67-71: 2, 64%; 51, 62, 63, 89, 92: 1, Bre. 


A.A.V.S.O. Headquarters, 

4 Brattle Street, 

Cambridge 38, Massachusetts, 
March 1955. 
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DoMINION OBSERVATORY, OTTAWA 


The news highlight is the completion of a fine Geophysical Laboratory, 
situated one hundred yards east of the Observatory. To the new building 
have moved the divisions of Geomagnetism and Gravity and the Solar 
section of Stellar Physics. In addition to adequate laboratory and office 
space, the building provides a much needed combined Library-Assembly 
hall. While the building was not ready for occupation until March, the 
first lecture was given in the hall when Dr. Donald H. Menzel visited 
Ottawa in January. He spoke on “Sun-spots, Magnetic Storms and Aurora 
Borealis”. 

Last August an Essen ring-type crystal oscillator was added to the two 
Western Electric crystal clocks of the Time Service, making three 
primary oscillators. Housed in temperature-controlled vaults, they run 
at their own free rates and provide the control for the two transmitting 
quartz clocks. In December two Speaking Clocks built by Ateliers 
Brillié Fréres, Paris, were installed. These add a voice announcement to 
the CHU short wave broadcasts on 3330 ke., 7335 kc. and 14670 kc. The 
announcements are on a 24-hour basis, giving the time at each minute. 
A new antenna design has improved transmission efficiency, and reports 
on the reception have been received from various parts of the world. 

The Super-Schmidt meteor cameras at Meanook and Newbrook 
Meteor Observatories in Alberta are now in full operation and a number 
of meteors have been photographed simultaneously by the two cameras. 
In December an excellent spectrum of a Geminid meteor was obtained 
at Meanook using a transmission grating and an F 2.9 lens. Investiga- 
tions into the mathematical theory of meteor crater formation is being 
continued by Dr. J. A. Rottenberg. Progress is being made on a photo- 
metric analysis of the flash spectra of the sun taken by the airborne ex- 
pedition at the total eclipse of June 30, 1954. 

Last year, the Observatory’s three-component airborne magnetometer 
was flown about 30,000 miles. Flights were made over the Arctic Islands 
and a detailed coverage was obtained over the Atlantic Ocean to a dis- 
tance of 300 miles from the east coast. Two traverses were made across 
the North Atlantic, one along a great circle course between Gander, 
Newfoundland, and London, and the other from London to Goose Bay, 
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Labrador, by way of Iceland. Magnetic profiles were obtained between 
Sydney, Nova Scotia, and Bermuda from which latter place a tri- 
angular flight was made extending about 800 miles to the east. Con- 
tinuous records of declination, horizontal and vertical force were 
maintained on all flights. 

In 1954 two major gravity investigations were carried out. One in the 
Rocky Mountain Trench area of Southern British Columbia, and the 
other in the Grenville area of the Precambrian Shield in Central Quebec. 
The pendulum apparatus employed by the Observatory since 1902 is of 
the Mendenhall type, employing bronze von Steneck pendulums. No 
stations have been observed with this apparatus since 1949, but progress 
is being made on its reconstruction and improvement. The new arrange- 
ment will provide for temperature control of the vacuum case, and will 
permit two pendulums to be swung at one time, in anti-phase. 

Last summer the Seismology staff was augmented temporarily by two 
outstanding scientists, Prof. K. E. Bullen, of the University of Sydney, 
Australia, and Miss I. Lehmann of the Geodetic Institute of Copen- 
hagen. Both Prof. Bullen and Dr, Lehmann are authorities on the interior 
of the earth. Dr. A. E. Scheidegger, a mathematician, has joined the 
permanent staff and is considering the significance of results obtained by 
Dr. J. H. Hodgson in his fault plane studies. 

Several changes in personnel] have taken place at the Observatory 
recently, Departures from the staff include: Mr. Arthur Bird who retired 
after over 30 years service; Dr. G. D. Garland who resigned to establish 
a Geophysics section at the University of Alberta, and Dr. P. M. Millman 
who now heads a section on Upper Atmosphere Research at N.R.C. 
Additions to the staff include Dr. A. E. Scheidegger, V. Gaizauskas, A. M. 
Bancroft, J. G. Tanner, H. E. Nichols, G. Drouin, L. Milot, Miss P. Ryan, 
Miss F. Wert and Mrs. E. Dawson. Dr. }. L. Locke has succeeded Dr. 
Millman as head of Stellar Physics and Dr. Ian Halliday has joined this 
division for meteor research work. Mr. M. M. Thomson received his M.A. 
degree from Yale University, and Mr. E. R. Niblett, now studying at 
Cambridge, was elected a Fellow of the R.A.S. Marriages and births 
have been numerous, but space does not permit a listing of these happy 
events. 

Last May Mr. W. S. McClenahan was present at the opening of the 
Pulkova Observatory in Russia. In September the following attended the 
meetings of the I.U.G.G. in Rome: Dr. C. S. Beals, Mr. R. G. Madill, 
Drs. M. J. S. Innes and J. H. Hodgson and Mr. E. R. Niblett. Dr. Beals 


visited Greece before returning to Canada. 


M. S. B. 
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University OF NEW BruNswICK OBSERVATORY, FREDERICTON, N.B. 


Dr. P. L. Willmore and Mr. W. E. T. Smith of the Seismological Di- 
vision, Dominion Observatory, visited Fredericton last December to 
install a seismograph in the basement of the observatory of the Uni- 
versity of New Brunswick. The instrument, a short-period vertical 
Willmore seismograph, has been placed here on a six month trial basis. 
It is the first seismograph to be operated in the province of New Bruns- 
wick. 

A Riefler sidereal clock, which has been loaned to the University 
through the kindness of the Dominion Astronomer, Dr. C. S. Beals, was 
also installed for use in conjunction with the seismograph. 

About one hundred years ago, in collaboration with Professor W. C. 
Bond of Harvard College observatory, Dr. William Brydone Jack made 
the “first” use of the electric telegraph to determine the longitude ot 
Fredericton and other centres in New Brunswick using the instruments 
of this historic observatory. Soon after the confederation of the prov- 
inces, the “first” meteorological measurements were made here. In 1874, 
Dr. Jack began magnetic measurements, presumably the “first”, at the 
request of the Surveyor General of the province. 

Thanks to the co-operation of the Dominion Observatory staff it has 
been possible to add one more to the varied list of “first” observations 
made in New Brunswick at “The First Astronomical Observatory in 
Canada.” 

J. E. K. 
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OBSERVATION FOR THE AURORA AT THE 1954 ToraL Ec.Lipse 


The Central Navigation School of the Royal Canadian Air Force at 
Summerside, P.E.I., sent a group of observers on a flight to attempt 
observation of the aurora during totality at the time of the eclipse of 
June 30, 1954. The flight was undertaken in the Lancaster Polaris, leav- 
ing Goose Bay, Labrador, at 05:30 A.S.T. to arrive over Nutak in 
Northern Labrador about 20 minutes before totality there. Orders then 
called for the aircraft to fly along the path of totality towards Cape 
Farewell, Greenland, allowing totality to overtake it. The observers were 
instructed to keep their eyes dark-adapted until totality was signalled by 
the co-pilot and then to make careful observations for aurora before 
looking at the eclipsed sun. The navigation was successful although it 
was carried out over the overcast; and the aircraft was in the path of 
totality at the right moment with clear sky above, but no aurora was 
seen. However, even this negative result has value in view of the fact 
that the observation was made so carefully and in the region where 
aurorae might most be expected, namely where the path of totality 
crossed the auroral zone. The observers reported an excellent view of 
the corona which they were permitted to look at momentarily after the 
search for the aurora. 


J. F. H. 


ON THE PETROGRAPHIC STRUCTURE OF THE MOON 


It is generally believed that the lunar surface consists of volcanic 
minerals and ash. This conclusion was arrived at by a number of in- 
vestigators from a comparison of the reflectivity of the lunar surface 
over a range of spectral region, with the reflectivity of terrestrial 
minerals. 

Recently a Russian astronomer, V. V. Sharonoff, again discussed the 
problem of the petrographic constitution of the lunar surface (Russ. 
Astr. Jour., vol. 31, p. 442, 1954). In this paper he pointed out that a 
similarity of reflectivity measurements alone does not prove the identity 
of petrographic structure of the two bodies. At least two, and if possible, 
more parameters should be considered. 

The author compared the reflecting power (albedo) in the visible 
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region of the spectrum and the colour excess of lunar objects with the 
albedo and colour excess of a number of minerals. (Colour excess is 
defined here as the difference of colour indices of the given object and 
the sun). The observational material has been treated statistically and 
represented graphically by curves according to albedo and colour excess. 
None of the minerals studied agrees with the lunar material in both 
colour excess and albedo, though the magmatic minerals and meteoric 
crust resemble the lunar curve. 

Among the many theories of the constitution of the surface of the 
moon the author thinks the most probable are the following: 

Minerals originally common to the moon and the earth have changed 
colour on the moon as a result of cosmic radiation. A bombardment by 
cosmic rays causes changes of atomic and crystalline structure of min- 
erals, which in turn may be followed by a change in colour. It must be 
shown that these changes will work in the right direction, however. 

Another possible explanation for the lack of agreement lies in the fact 
that we observe an averaged colour; the smallest object seen through a 
telescope is of the order of one mile or more. If the lunar minerals are 
sufficiently small and well mixed, then all lunar objects would have the 
same distribution of colour. This hypothesis seems to be too artificial. 
Another argument against it is that the dispersion of measurements 
ought to increase as we go to smaller objects; this has not been con- 
firmed. 

The surface of the moon may be covered by meteoric dust from outer 
space. The thickness of this layer has been estimated to be about an 
inch. Such a layer should have the same reflecting power over all the 
different features of the moon’s surface. This does not agree with ob- 
servation, for the reflectivity does depend to some extent on the general 
features of the moon. 

A variation of this last theory is that the surface dust is a mixture of 
meteorites and lunar minerals. It is obvious that when a meteorite hits 
the moon, not only the meteorite but also a great part of the lunar sur- 
face is transformed into dust. This mixture of dust may differ in colour 
from the original material and at the same time would show a variation 
with the structure of the surface. Such material would be expected to 
be porous and similar to volcanic ash, and would have a very low 
thermal conductivity. 

G. A. B. 
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THE PoLe or ROTATION OF VENUS 


Markings on the bright disk of Venus are difficult to detect. Many of 
the markings which have been reported by visual observers are thought 
to be of physiological origin. About thirty years ago an extensive photo- 
graphic study of the elusive markings was made by F. E. Ross using the 
60-inch telescope at Mount Wilson. Ross found bright and dark cloud 
formations which were most conspicuous on ultra-violet photographs, 
weak on ordinary blue photographs and invisible on red and infra-red 
photographs. However, the markings were far from permanent and no 
period of rotation could be deduced from them. 

Gerard P. Kuiper, of Yerkes and McDonald Observatories, has done 
the most recent work on this planet (Ap.J., vol. 120, p. 603, 1954). Using 
the 82-inch reflector in Texas equipped with an enlarging camera giving 
a scale of 2.1 seconds of arc per millimetre, he obtained daytime photo- 
graphs of the planet in violet light. 

Kuiper’s photographs show bands, usually three bright and three 
dark bands, comparable in width and slightly curved, suggesting that 
they may be parallel to the planet’s equator. These bands have been 
used to determine the position of the pole of rotation of Venus. From 
an analysis of these photographs it appears that the pole is pointed 
towards R.A. 3h 32m, Dec. +81° in Cepheus. Using this along with the 
known orientation of the orbital plane of Venus, Kuiper concluded that 
the equator is tilted by 32° to the plane of the orbit, with an uncertainty 
in this value of about 2°. (The corresponding angle for the earth is 
23%4°). 

The actual period of rotation is still not known. However, from the 
stability of the bands Kuiper infers that the planet is rotating fairly 
rapidly, in a period of a few weeks at most. This corroborates con- 
clusions reached by observers at Mount Wilson because the observed 
small temperature differences between sunlit and dark hemispheres in- 
dicate a period of rotation not much longer than a month, and spectro- 
scopic observations rule out a period of less than a day. Kuiper is 
continuing an intensive observing programme of the planets and may 
be able to solve this problem before long. R.J.N 
EXTREMES IN STARS 

The great majority of the stars are much like the sun in size and mass. 
However, some stars are startlingly bigger than the sun (giants), and 
others are planet-like in size (white dwarfs). Recently workers have 
found extreme examples in these two categories. Dr. Armin J. Deutch of 
the Mount Wilson and Palomar Observatories reported on the largest 
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star yet found: a star 200,000 times the diameter of the sun! This great 
star is Alpha Herculis, visible to the unaided eye as a third magnitude 
star. This is not a single star, however, but is a complex system, im- 
mersed in a tremendous cloud of very cold gas; the aggregation is the 
largest yet found (Science News Letter, Jan. 22, 1955 

At the other end of the scale is a report by Dr. Willem J. Luvten of 
the University of Minnesota (P.A.S.P., vol. 66, p. 337, 1954), of the least 
massive star known. This star is known as L 726-8 and is a visual binary 
system. The motion of one star about the other leads to a knowledge of 
the masses of the stars. Although the motion has not been observed over 
a long period of time (started in 1948), Luyten is able to estimate limits 
for the total mass of the two stars in the system: between 0.06 and 0.20 
times the mass of the sun. The smallest stellar mass previously known, 
that of Kreuger 60 B, is 0.16 times that of the sun. It is evident that at 
least one of the components of L 726-8 must be smaller in mass than 


this. 
NEw INFORMATION ABOUT THE EXPANDING UNIVERSE 


Evidence that the universe is expanding was first presented by Dr. 
Edwin P. Hubble in 1929 using data of radial velocities and distances 
of 24 galaxies. A few years later (1936) Hubble found that the rate of 
expansion was 530 km./sec. per million parsecs. This figure has recently 
been revised by Dr. Allan Sandage as a result of work by astronomers 
of the Mount Wilson and Palomar Observatories (Science News Letter, 
Jan. 1, 1955). The number of galaxies for which radial velocities and 
magnitudes are now available is about 800, in contrast to the two dozen 
originally used by Hubble in enunciating his law of red-shift. The dis- 
tances have been estimated from the magnitudes, and the range in 
distance is now some sixty times greater than Hubble had available in 
1929. A preliminary analysis of this great amount of material has led 
Dr. Sandage to revise the rate of expansion of the universe to about 
180 km./sec. per million parsecs. This relation apparently holds for near 
galaxies as well as the most distant ones, and for all directions in space. 

This change in value is a result of a revision in the distance scale (this 
JournaL, vol. 47, p. 174, 1953; vol. 48, p. 78, 1954). The distance to the 
Andromeda Nebula is now doubled; that to M 81 in Ursa Major is 
thought to be four times as great as before. In fact it now appears that 
the 1936 distances should be increased by a factor of about three. 

The complete analysis of the massive volume of observational material 
(which took twenty years to accumulate) will take several years. 


R. J. N. 
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Deatu oF Dr. J. W. CAMPBELL 


His many friends will learn with deep regret of the passing of Dr. 
John William Campbell, Emeritus Professor of Mathematics at the Uni- 
versity of Alberta, on January 23, 1955, at the age of 65. 

Dr. Campbell took his degree in astronomy at the University of 
Chicago in 1915, with a thesis on the problem of three bodies. He taught 
astronomy at the University of Alberta for over 30 years, and was the 
moving spirit in the founding of the Edmonton Centre of the R.A.S.C. 
in 1932. He was, of course, the first President of the Centre and has ever 
since been re-elected annually as Honorary President. He was instru- 
mental in persuading the University to construct and maintain a small 
building and dome, to house a 1214-inch reflecting telescope which was 
constructed by the late Cyril G. Wates and presented to the University 
in 1944. He took great delight in showing visitors the beauties of the 
night sky as revealed by this telescope, and he maintained popular 
interest in astronomy throughout the district by a regular series of 
weekly notes on the heavens in the Edmonton Journal. 

Dr. Campbell was President of the Society in 1947 and 1948, con- 
tributing presidential addresses on rocket flight and on the origin of 
the universe. His keen sense of the mechanical difficulties in the way of 
guided space travel consistently led him to pour cold water on what he 
considered the undue optimism of space-travel enthusiasts. 

In the field of applied mathematics, Dr. Campbell contributed a 
number of original papers, particularly on the problem of flexible cables 
under varying conditions of load and temperature. His text-book “An 
Introduction to Mechanics” has been quite widely used, and is a careful 
and conscientious treatment of the subject, with great stress on the 
application of principles to numerical problems. He was a Fellow of the 
Royal Society of Canada. 

His wisdom and good counsel will be greatly missed both in the 
Edmonton Centre and in wider astronomical circles. 


E. S. KEEPING 


ASTRONOMISCHER J AHRESBERICHT 


Volume 51 of this annual publication has been received by the Editor 
from the Astronomischen Rechen-Institut, Heidelberg. It lists and gives 


abstracts (in German) of all the astronomical literature of the year 1951, 
13,429 papers in all. 


REVIEW OF PUBLICATIONS 


Astronomy in the University of Toronto: The David Dunlap Observatory, 
by C. A. Chant. Pages 66; 6 9 inches. Paper bound. Toronto, Uni- 
versity of Toronto Press, 1954, Price $2.00. 


Dr. C. A. Chant, Professor Emeritus of Astronomy at the University of 
Toronto and Director Emeritus of the David Dunlap Observatory, is well 
known to readers of this JournaL. Since 1891 when he first joined the 
staff of the University of Toronto he has worked tirelessly towards the 
advancement of Canadian astronomy, not only in his own University, but 
on a national scale through his continued work in the Roval Astronomical 
Society of Canada, and on an international scale in the ‘American Astro- 
nomical Society and the International Astronomical Union. Therefore, this 
little book, although only a chapter from a full autobiography and deal- 
ing in the main with only one phase ot his career, cannot but fascinate 
the astronomical reader. For here Dr. Chant modestly chronicles his 
determined and successful pursuit of a vision of an “Observatory on the 

Hill” which would “bring the stars closer,” in more ways than one, to 
students of astronomy of all classes and ages. 

Dr. Chant’s book is a story, too, of the public spirit and generosity of 
David Alexander Dunlap and Jessie Donalda Dunlap, his wife. Here is 
the full documented account of how Mr. Dunlap’s eager interest and 
Dr. Chant’s vision led to the later founding of the Observatory by Mrs. 
Dunlap in memory of her husband. Furthermore, Dr. Chant has shown 
that Mrs. Dunlap’s generosity was more than a gift of money; the letters 
which he quotes and the incidents which he relates show how much she 
gave of her time and her wise judgement in helping to plan the 
Observatory. 

Dr. Chant gives well-deserved attention to the debt which the Uni- 
versity owes to his skillful and able colleague, Dr. R. K. Young, later 
to become his successor, who supervised the detailed planning of the 
74-inch telescope and himself designed and built the 19-inch reflector. 

There is inspiration to be found in Dr. Chant’s account of the growth 
of Astronomy in the University of Toronto, but there are cold facts too: 
the cost of the observatory site, the contract prices of buildings and in- 
struments, the architects’ fees, the well-driller’s fees, the date of casting 
of the mirror blank, the names of the supervising engineers. This is the 
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kind of information which is too easily lost in forgotten files but which 
becomes of increasing interest as the years pass. 

As Dr. Sidney Smith, President of ‘the Univ ersity, has said in his apt 
foreword to this book, “It is a source of satisfaction that this important 
event in the University’s history has been described, not in the measured 
phrases of an outsider, but in the personal and winsome style of the pro- 
tagonist himself.” 

|. F.H. 


Jean-Sylvain Bailly, Astronomer, Mystic, Revolutionary, 1736-1793 by 
Edwin Burrows Smith. (Trans. Amer. Phil. Soc., N.S., vol. 44, pt. 4, 
pp. 427-538, 1954). Pages 112 and plate; 9% x 11% in. Philadelphia, 
The American Philosophical Society, 1954. Price $2.00. 


Modern civilization is forgetful of many of the heroes or picturesque 
figures of the past. We are so busy keeping up with current develop- 
ments that we have far too little time to cast backward glances across 
the centuries. In “Out Of Old Books” in this JournaL, May—December 
1949, we chose to portray Jean-Sylvain Bailly as such a forgotten astro- 
nomical figure of the 18th century. 

Now Edwin Burrows Smith of W ayne University has selected Bailly 
as the subject of his doctoral dissertation at Brown Univ ersity in 1950, 
which forms the basis of the publication under review. Dr. Smith covers 
comprehensively the many facets of Bailly’s life, from his first interest 
in astronomy when he observed Jupiter's satellites, the 1761 transit of 
Venus, and did a computation for the first predicted return of Halley’s 
comet, through his election as first Mayor of Paris with its grim con- 
sequences. 

Like so many other people both before and after him, Bailly accepted 
this political position more with the honour in mind than with the 
responsibilities. And his carrying out of the responsibilities when he 
ordered the soldiers to fire into the insurgent crowd on the Champ de 
Mars led ultimately to his own pathetic and tragic execution on the 
guillotine of the French Revolution. In the later years of his life, Bailly’s 
political career overshadowed his astronomical one, which might be 
considered more conscientious than brilliant. Probably his name is 
astronomically best known for his series of volumes on the history of 
astronomy, even though some of these were a bit misguided. 

Not merely has Dr. Smith given an exceptionally full account of 
Bailly’s life, but he has appended an invaluable table of references for 
those who wish to pursue the subject further. This bibliography con- 
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tains 204 titles of Bailly’s scientific articles or translations, or political 
speeches or letters, as well as a couple of hundred titles about Bailly by 
other authors, including the most recent material. HS.H 


Man and His Physical Universe by Richard Wistar. Pages xvi plus 488; 
5% x 8% in. New York, John Wiley and Sons, Inc., 1953. Price $4.75. 


The book, Man and His Physical Universe, represents a somewhat 
different approach to general science, in that the different sciences, 
astronomy, geology, physics and chemistry, are in no way segregated, 
but are brought together to give the reader a broad picture of the world 
around him. The material covered is related to every-day experiences. 
Facts which may be observed readily are presented first; facts which 
can be demonstrated are given next, and finally the theories which best 
represent these observations’are developed. 

There are six main sections in this book: photography, the solar system 
and beyond, the earth, forecasting the weather, electricity and mag- 
netism, and atomic structure. In present-day life, almost everyone 
operates a camera, even though the principles of light are not thoroughly 
understood. The author introduces the study of light, colour and sound 
by a discussion of this popular application, photography. From the 
simple observations of reflection and refraction, the reader is led to con- 
sider the light path in those instruments so vital to astronomers, binocu- 
lars and telescopes. 

The topic of astronomy is mostly confined to the section on the solar 
system. Amateur astronomers are apt to be curious about the earth 
around them and the geological processes at work, and about the 
atmosphere of the earth, if for no other reason than to estimate whether 
clouds will obscure their observing sessions. There is no doubt that an 
amateur astronomer, once started in this book, will read beyond the 
strictly astronomical sections. 

In this age of experimenting with atomic energy, the last section, 
covering atomic structure and the applications of atomic processes, is a 
fitting climax to the book. It may be of interest to our readers that the 
last topic discussed relates to the energy production in the sun. 

At the end of each chapter the author summarizes the points which 
have been covered; for those who want to understand thoroughly what 
they read there are questions to be answered. The illustrations are 
plentiful and are of excellent quality. Man and His Physical Universe 
can be recommended to all amateurs interested in any science. 


R. J.N. 
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Relativity for the Layman by James A. Coleman. Pages 131; 5% x 8% in. 
New York, The William-Frederick Press, 1954. Price $2.75. 


The aim of this book has been outlined in the subtitle, namely to give 
a simplified account of the history, theory and proofs of relativity. 

The author has chosen an historic approach to the problem of rela- 
tivity telling the story of measuring the velocity of light, then the nature 
of light and the hypothetical ether of the last century. The Michelson- 
Morley experiment is explained on the basis of the axioms of the theory 
of relativity. The aspects of the well-known equations of the special 
theory and their experimental proofs are discussed. 

The following sections deal with the general theory of relativity and 
how it affects mass and time. The meanings of cosmological terms of 
“finite and bounded universe” as well as “finite and unbounded universe” 
are given. 

The chapters are as follows: 1. The velocity of light; 2. The great 
dilemma; 3. The special theory of relativity; 4. Experimental proofs of 
the special theory; 5. The general theory and experimental proof; 6. 
Relativity and the nature of the universe; 7. The unified field theory. 
There are 24 drawings in the book which greatly help in the under- 
standing of the principles discussed. Mathematical theory is not in- 
cluded. 

This is undoubtedly a wonderful book for all of those who have had 
trouble understanding the principles of relativity or who do not have a 
mathematical background. It makes interesting reading not only for the 
layman but also for the professional, who may find it hard to give a 
simple explanation of the equations. 


G. A. B. 


Olcott's Field Book of the Skies revised by R. Newton Mayall and Mar- 
garet W. Mayall. Fourth edition. Pages xii plus 482; 4 x 6% in. New 


York, G. P. Putnam’s Sons (in Canada, Thomas Allen Limited, To- 
ronto), 1954. Price $5.00. 


Most star-watchers are already familiar with Olcott’s Field Book of 
the Skies. It has become a standard reference book for beginners and 
professionals alike since the first edition appeared in 1929. The present 
edition (the fourth) has been revised by R. Newton and Margaret W. 
Mayall. Readers of this JournaL know Margaret Mayall as the regular 
contributor of “Variable Star Notes.” 

This book gives the reader a very good general knowledge of 
astronomy. More than half of the book is devoted to the constellations. 
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These are arranged by seasons, with a large diagram showing the appear- 
ance of the sky in mid-northern latitudes at 9 p.m. on the first day of the 
quarter months. Following this the individual constellations are studied. 
In each case are given: a brief outline of the mythological stories of the 
constellation, objects of interest to find with the unaided eye or with 
field glasses, and finally objects of interest with a telescope. Two maps 
of each constellation are given, one to show the relation of the con- 
stellation to near-by stars, and one to show the positions of the objects 
of telescopic interest. The maps have been re-drawn for this revised 
edition and are very clear. 

All the kinds of objects that are in the sky are introduced and briefly 
described. The methods of astronomy are explained clearly without 
worrisome detail. A section on the solar system follows the big section 
on the constellations. This includes eight drawings of the moon at differ- 
ent phases which are very helpful in identifying the main lunar features; 
each planet is discussed, with a paragraph dealing with the features of 
telescopic interest. Other chapters deal with the small telescope, historical 
events (here opinions may vary as to what should be included), names 
of stars and their meanings. All of the tables giving numerical data are 
together in the appendix. Here too is a chapter on “Building a Library.” 
We are pleased to see the authors include among “Annual Publications” 
the Oxsserver’s Hanpsook of our Society, although the name of the 
Society is not correct, for it reads “Royal Astronomical Society,” omitting 
“of Canada.” 

The text of this edition follows that of earlier editions, but it is 
simplified in many places, and new concepts have been added: the new 
field of radio astronomy has been included. The diagrams have been 
re-drawn; the lettering is clear and easy to read. All star-watchers will 
want to own this book. 


R. J.N. 
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MEETINGS OF THE SOCIETY 


MINUTES OF ANNUAL MEETING OF THE 
ROYAL ASTRONOMICAL SOCIETY OF CANADA 


The 65th Annual Meeting was held at 8:00 p.m. on Friday, January 14, 1955, in 
the McLennan Physics Laboratory, University of Toronto; the President, Dr. John 
F. Heard, in the chair. On motion of W. D. Stewart and F. L. Troyer, Minutes of the 
1954 Annual Meeting were adopted as printed in The JouRNAL. 


The National Secretary, E. J. A. Kennedy, announced in his report that member- 
ship in the Society had passed the 2,000 mark and that the former Nova Scotia 
Astronomical Society had been admitted to the R.A.S.C. as the Halifax Centre. 

The National Treasurer, J. H. Horning, presented a summary of the financial 
statement, copies of which had been distributed to members present, and pointed 
out that as a result of generous voluntary donations from many members, the Society's 
income had exceeded expenses for the first time in many years. 

The report of the retiring Librarian, Dr. W. R. Hossack, was presented by the 
President who expressed regret that the Council was losing Dr. Hossack’s valuable 
aid because of his having accepted a new position in Ottawa. 

The three reports were, on motion, duly accepted and are published in The 
JOURNAL. 

The Scrutineers, Mrs. K. M. Heaton and the Recorder, reported that a majority of 
the ballots returned by mail had been cast in favour of the Officers and Council as 
proposed by the Nominating Committee, and the President declared these elected. 
The office of National Treasurer having been omitted from the printed ballot through 
error, it was moved by Miss Northcott and Dr. A. L. Morgan that Mr. Horning be 
re-elected and, there being no further nominations, his election was confirmed by the 
meeting as well as the addition to Council of the Rev. M. W. Burke-Gaffney as 
representative of the new Halifax Centre. 

The new President, Dr. R. M. Petrie of Victoria, B.C., being unable to be present 
because of distance, was “introduced” to the members by a photograph projected on 
the screen. 

Dr. Helen S. Hogg, First Vice-President, then took the chair to present Dr. Heard 
who delivered his address as Retiring President on “Meteorites—Large and Small.” 
(This paper appears elsewhere in The JouRNAL.) 

Members and guests then adjourned to an adjoining room for the annual At-Home 
and to enjoy refreshments provided by the Toronto Centre. 


FrepDeric L. Troyer, Recorder. 
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AT TORONTO 


REPORT OF THE SECRETARY FOR THE YEAR 1954 


Another large membership increase, expansion of the Centre’s Telescope Makers 
Group, formation of an Amateur Astronomers’ Observing and Study Group, and 
participation in the Second Canadian International Hobby Show in addition to the 
usual telescope display at the Canadian National Exhibition, were highlights of the 
year’s activities in the Toronto Centre. 

Election of 105 new members brings the total paid membership to 499, including 
20 Life Members. Many of the newcomers joined as a result of interest aroused by 
the Centre’s “extramural” activities which included a large display of telescopes and 
telescope-making procedures, plus exhibits of astronomical photographs, paintings, 
etc., at the Hobby Show held for 10 days in February; the Summer Star Nights with 
telescopes set up on the University of Toronto campus, and the always popular dis- 
play of telescopes at the Canadian National Exhibition which this year provided the 
opportunity for 6,650 C.N.E. visitors to view the moon, planets Venus, Mars and 
Saturn, and double stars on the 10 clear nights during the 14~day Exhibition period. 

The Telescope Makers Group held 20 meetings at the homes of various members 
and its members completed 19 instruments, with several others nearing completion. 
Some of these telescopes attracted much attention at the Hobby Show and C.N.E. 
So great is the number of members desiring to take part in T.M.G. activities that 
the entire group no longer can be accommodated at one location and in future it is 
planned to hold three concurrent meetings in different parts of Toronto. 

The new Amateur Astronomers’ Observing and Study Group was established as 
the outcome of a number of gatherings of members interested in dicussing theoretical 
matters considered too “heavy” for the Centre’s regular meetings. These were 
organized by Mr. Raymond Broadfoot and have now developed into the O. and S. 
Group which meets at least once monthly “to promote discussions of astronomical 
theory and to encourage useful observing among advanced amateur members.” The 
Group’s activities include Messier observations, lunar studies, calculation and celestial 
mechanics, etc., and a celestial photography section is being planned. 

During the year the Centre held 11 regular meetings, including a Members’ Night 
at the David Dunlap Observatory; the Council met three times and the Executive 
on several occasions. Speakers and subjects at the regular meetings were as follows 
(the meetings being held at the University of Toronto except where otherwise 
noted ): 


February 9—Donald A. MacRae, Ph.D.: “Radio Astronomy and the Milky Way.” 

February 23—Members’ Night. Discussion on the Total Eclipse of June 30. 

March 9—Warren Forrester, Geodetic Survey of Canada, Ottawa: “How Astronomy 
Helps in the Mapping of Canada’s Northland.” 

March 23—Members’ Night. Demonstration of Telescope-Making Techniques. 

April 6—Adriaan Blaauw, Ph.D., Yerkes Observatory: “The Birthplaces of the 
Stars.” 

April 27—Members’ Night. Talk on the summer sky, followed by observing period. 

May 11, June 8, July 6, August 10—Summer Star Nights on U. of T. Campus. 

October 5—Members’ Night at the David Dunlap Observatory, Richmond Hill, 
Ont. 

October 19—J. B. Oke, Ph.D.: “The Sun and Stars from Adolescence to Old Age.” 
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November 2—Members’ Night. Grant A. Cooper: “Planetary Orbits.” 
November 6—J. A. Jacobs, Ph.D.: “Inside the Earth.” 
November 30—Annual Meeting of the Centre, followed by motion picture pro- 
gramme. 
The Toronto Centre members also were hosts at the refreshment tables at the At- 
Home following the Annual Meeting of the National Society on January 15. 


The Council of the Centre accepted with appreciation the gift by Mr. W. R. Sher- 
rick, an active member, of the public address system comprising amplifier, loud- 
speaker and turntable which he had made available on loan for several years for use 
at the Exhibition and Star Nights. Our thanks are also extended to The Toronto Star 
Limited for again having taken advertising space which made possible the printing 
of the ninth edition of the “Sky Facts” leaflet distributed to visitors at our public 
nights and at the C.N.E. 

FreDERICK L. Troyer, Recorder. 


AT OTTAWA 


February 9, 1954—The meeting was held in the lecture hall of the National Museum. 
The President, Dr. J. L. Locke, introduced the speaker, Dr. G. D. Garland of the 
Gravity Division of the Dominion Observatory. Dr. Garland spoke on the subject 
“Tides in the Solid Earth”. 

It has been known for at least one hundred years that the varying attractions of 
the sun and planets produce deformations in the solid earth, just as they do in the 
ocean surface. The measurement of this effect is of considerable importance in the 
study of the earth, for it allows us to make an estimate of the earth’s rigidity. Early 
cbservations were largely confined to the measurement of tilts of the earth’s surface, 
by means of horizontal pendulums, or by the level of water in long horizontal pipes. 
These observations suggested that the average rigidity of the earth was about that of 
steel, a value which was considered extremely great at the time, when the earth was 
thought to be largely molten beneath a thin surface crust. 

The modern study of earth tides is assisted by the measurement of small variations 
in gravity with time. Sensitive gravity meters, which measure changes as small as 
one part in one hundred million of the earth’s gravity, are set up at various points 
and read continuously at each station for a number of weeks. It is found that gravity 
varies by about three parts in ten million through each twenty-four hour period. The 
variation is slightly larger than would be predicted from the changes in distance of 
sun and moon, because of the actual yielding of the earth during the process. Cal- 
culations show that in the latitude of Ottawa the amplitude of the tide in the solid 
earth is about eight centimetres. 

The best recent estimates for the average rigidity of the earth is a value about 
twice that for steel. Since the core of the earth, which extends to about half the outer 
radius, is believed on seismological evidence to be fluid and to have no rigidity, this 
implies that the rocks surrounding the core have rigidities up to three times that for 
steel. This is many times greater than the rigidity of surface rocks, and is probably 
due to the great pressures existing at great depths within the earth. 

The thanks of the meeting were expressed by Mr. Ian Halliday who mentioned that 
astronomers are sometimes too occupied with events at great distances to be aware of 
the interesting phenomena beneath their feet, within the earth. 
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March 16, 1954—The meeting was held in the lecture hall of the National Museum. 
The president introduced the two speakers of the evening, Dr. D. K. Norris and 
Dr. J. M. Harrison, both of the Geological Survey of Canada. The general topic was 
“Meteorites and Craters”. Dr. Norris spoke on “Debris of the Solar System” while 
Dr. Harrison spoke on “Glaciation and the Ungava Crater”. 

Dr. Norris first explained that meteorites are the solid objects which arrive at the 
surface of the earth from space whereas meteors are small particles which are con- 
sumed during their flight through the earth’s atmosphere. Meteorites are classed as 
“falls” or “finds”, depending on whether they are observed to fall and are sub- 
sequently recovered, or whether they are found on the earth and recognized as 
meteorites. In composition they range from almost pure nickel-irons to stony-irons 
to stones. In size meteorites range from small particles of meteoritic dust less than 
one thousandth of an inch in size to large objects weighing many tons. The largest 
known meteorite is in South West Africa and weighs 60 tons. 

There are no verified instances of human beings being killed by meteorites, though 
domestic and wild animals have been struck. When a large meteorite strikes the 
earth the energy associated with. its great velocity causes an explosion and meteor 
craters are the result. Dr. Norris showed slides of the destruction caused by a large 
meteorite in Siberia in 1908, and also the well-known crater in Arizona. 

Dr. Harrison reported the results of a six-day investigation of the Ungava Crater 
during the summer of 1953. He had suspected from an examination of photographs 
that the crater had been formed before the last ice-age, more than 100,000 years ago. 
His study confirmed this, and he mentioned several phenomena which showed the 
area had been glaciated since the meteorite struck. The chance of finding recognizable 
fragments of the meteorite is greatly reduced due to the passage of the glacier over 
the area. 

The crater itself is 11,500 feet across and contains a lake some 9,000 feet across. 
The lake is over 800 feet deep and is surrounded by a nearly circular rim which 
rises 500 feet above the lake in places. A valley through this rim probably was the 
outlet to the lake after the glacier had melted, though the lake is now 180 feet below 
the floor of the valley. The lake contains a few fish which are quite undernourished 
compared to similar fish in nearby lakes. 

Dr. Harrison’s numerous coloured slides of the crater were well received by the 
audience. In thanking the speakers, Dr. P. M. Millman of the Dominion Observatory 
noted that they were specialists in the two extremes of meteorite sizes. Dr. Norris had 
studied extremely small particles of meteoritic dust as his thesis for a Master’s degree 
in astronomy, while Dr. Harrison had studied the huge crater left by an extremely 
large meteorite. 


April 22, 1954—The meeting was held in the lecture hall of the National Museum, 
with the President, Dr. J. L. Locke, in the chair. 

Dr. Locke introduced the speaker, Dr. J. F. Heard, National President of the 
R.A.S.C., and Director of the David Dunlap Observatory. Dr. Heard addressed the 
meeting on the subject, “The Solar Eclipse of June 30th, 1954, in Northern Canada”. 

The content of Dr. Heard’s address has been published earlier in the JournNat. 
Dr. C, S. Beals thanked the speaker on behalf of the audience and related some ex- 
periences as an eclipse observer. 

Ian Hatumay, Recorder. 
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